In many avian species, it is difficult to distinguish the sexes based on their external features. Sex determination is an important area of study in developmental and evolutionary biology, as well as in ecology. In penguins, physical sexual characteristics between males and females are hard to differentiate particularly the Jackass penguins (Spheniscus demersus) which show little sexual dimorphism. Although it is always thought that males are usually larger than females, sexing by direct observation may be difficult especially in young birds. In this research, we evaluated a sex determination technique in Jackass Penguins using genomic deoxyribonucleic acid (DNA) amplification using primers. Genomic DNA was extracted from feathers of Jackass penguins, Chickens (Gallus gallus domesticus) and Ducks (Anas Platyrhynchos var. domestica) using E-prep (Viagenkorea.CO, Korea) reagent. A primer set is designed for sex determination. The primers amplifythe homologous region of the CHD-W gene (chromo-helicase-DNA-binding gene) unique to females, and the CHD-Z gene, occurring in both sexes and characterized by two bands in females and only one band in males. The results showed that analyses of the polymerase chain reaction products in Jackass penguins using 2550F-2718R and P2/P8 primer sets showed one band in both males and females. Moreover, 2550F-2718R primer set identified the sex of chickens but not in ducks while primer P2/P8 showed only one band in both chickens and ducks. The 1272L-1237H primer showed one band in male and two bands in female in all species tested. It was confirmed that the use of 1272L-1237H primer concur in identifying the sex of the following species: Jackass penguins, ducks and chickens.
I. Introduction
Information of the sex of individuals is an important requisite in many fields of studies, but it is difficult for monomorphic species such as penguins. Sex determination is very important to evolution, ecology and disease study. In recent years, many species of penguins are endangered because of hunting activity and climate change. In this reason, We should be get more information about various species and provide a basic data are necessary. Furthermore, it is desirable that new methods based on DNA analysis are established that will help breeding programmes and conservation plans.
Penguins show little sex-linked size and plumage dimorphism, and although males are usually bigger than females (Martínez 1992; Agnew and Kerry 1995) , changes with age and overlap in size between members of a pair make sexing by direct observation is difficult (Scolaro et al. 1987; Amat et al. 1993) . In addition, the chick is more difficult to confirm the sex (Dubiec et al., 2006) . The Jackass Penguin (Spheniscus demersus) also known as Black-footed Penguin is a species of penguin, confined to southern African waters. It belongs to the penguin family Spheniscidae. Spheniscids are among the least dimorphic of the seabird families and are the most threatened. Jackass Penguin exhibits slight sexual dimorphism: the males are larger than the females and have larger beaks. Most of the penguin species, the sex has been projected by behavior observation, brood patch, morphometric traits, gonads by laparotomy or laparoscopy, sex chromosomes and molecular biological examination (Camphuysen, 1995; Dubiec et al., 2006) . Accurate gender determination can be important along with species identification. Among of these methods, molecular biological examination using small sample (feathers, feces, blood) that have been used is more accurate and efficient than other methods (Aun et al., 2010; Donohue et al., 2006; Hattori et al., 2003; Naim et al., 2011; Robertson et al., 1999) . The Z and W sex chromosomes evolved differently in birds from the mammalian X and Y chromosomes. In birds females are heterogametic and carry a copy of Z and W but males are homogametic and carry 2 copies of the Z sex chromosome (Bryja et al., 2003; Williams et al., 2004) .
Amplification and electrophoresis of the chromohelicase-DNA binding (CHD) gene on the W and Z chromosomes is the most common method for avian sexing and it can be used to sex most birds (Ellegren 1996; Griffiths et al., 1996) . The CHD-W gene is specific to females and CHD-Z gene is present in both sexes. The studies of new chromosomal sites have been reported in case of genetic mutations and the PCR product size of CHD1Z and CHD1W are similar (Camphuysen 1995; Dawson et al., 2001; Hori 2000; Neill et al., 2000; Vali & Elts, 2002) . Different primer sets have been designed for amplifying different portions of CHD1 genes because it does not work to all the species with same conditions (Dubiec 2006) .
In this study, sex determination using different primer sets were evaluated with the DNA samples from feather of the following species: jackass penguins, chicken, and duck. The technique was done by using CHD gene.
II. Materials and Methods

Sample collection and DNA extraction
Small feathers were collected from the pectoral region of 9 jackass penguins (Spheniscus demersus), 2 chickens (male and female) and 2 ducks (male and female).
Genomic DNAs were extracted using E-prep reagent (Viagenkorea.CO, Korea). From 8-10 individual feathers, a 0.3 cm segment was cut from the calamus end and placed in 1.5 μl tube with 50 μl of E-prep reagent and 0.5 μl proteinase K. The samples were incubated at 65℃ for 20min and at 83℃ for 15min and
Primers
Nucleotide sequence Annealing Temperature
5'-TCCAGAATATCTTCTGCTCC-3' Table 1 . Nucleotide sequence of CHD-linked primers applied to sex identification.
concurrently shake in vortex every 2 minutes. Then the samples were subjected to cooling and freezing overnight. As soon as the digestion of DNA is done the supernatant is then collected through centrifugation at 5000rpm for 5min.
PCR condition and analysis
We amplified sex-linked alleles using primers previously described by Griffiths et al. (1998) : P2
(5'-TCTGCATCGCTAAATCCTTT-3') and P8
(5'-CTCCCAAGGATGAGRAAYTG-3'), Fridolfsson and Ellegren (1999) : 2550F(5'-GTTACTGATTCGTCT ACGAGA-3') and 2718R (5'-ATTGAAATGATCCAG TGCTTG-3') and Kahn et al. (1998) The amplification reactions were performed in thermal cycler (S100 TM or T100 TM Thermal cycler, Bio-Rad, USA) programmed for initial denaturation at 94℃for 5 min followed by 35 cycles of 94℃ for 1min, annealing temperature reaction for each primers at 72℃ for 30s. A final extension step of 72℃ for 5min was carried out for all reactions.
PCR amplified products were confirmed in 3% agarose gels stained with ethidium bromide (GenetBio, Korea). After electrophoresis, gels were visualized and photographed on UV transilluminator.
III. Results
Fridolfsson and Ellengren's primer set 2550F-2718R
have 450bp and 600bp size on the gel. CHD-W has a size of 450bp while CHD-Z has 600bp. The results showed in Figure 1 that all Jackass Penguins tested including penguins 6 and 8 that were preliminary recognized as females had only one band. However, this primer did not work on ducks. In the case of chickens, sexes were identified displaying one band in male and two bands in female. The base pair sizes of chickens were smaller than Jackass Penguins.
After the PCR amplification with Kahn's primer set (1272L-1237H), samples showed one or two bands.
Male subjects displayed a single band of about 210bp, while females showed two bands of 210bp and 285bp (Fig. 2) . The results showed that Jackass Penguin 6 and 8
were identified as female based on the appearance of two bands on the gel. Both chickens and ducks were identified as males and females by one and two bands, respectively. Additionally, chickens and ducks have lower base pair size than Jackass penguins.
CHD-W and CHD-Z introns of Jackass penguins using Griffiths's primers set (P2-P8) in amplification showed about 370bp and 380bp, respectively (Fig. 3) .
Based on the picture shown in Figure 3 , all samples including chickens and ducks possess a single band. On the other hand, pen 8 cannot be identified.
IV. Discussion
In this paper the three primer pairs, 2550F-2718R, 1272L-1237H and P2/P8 were used to amplify a section of the CHD gene to confirm the gender of the samples (jackass penguins, ducks and chicken) that had been identified previously by its morphology. According to the results, 1272L-1237H primer concur in identifying the sex of the following species: Jackass penguins, ducks and chicken. Same results were obtained from study of Kahn et al. (1998) Penguins are in the same genus, the results of this paper and the study of Zhang et al. (2012) are different.
However, Bertellotti et al. (2002) also studied in Magellanic Penguins have the same results with this Kim et al : Sex Identification of Jackass Penguins (Spheniscus demersus) using the CHD Gene … 211 study using 2550F-2718R primer set resulting to one band for both male and female due to the adjacency of the two bands in the gels. The use of these primers for sex determination in these species would require different electrophoresis conditions or the differentiation of both products based on sequence differences (Bertellotti et al. 2002) . Additionally, Costantini et al. (2008) whom tested two molecular assays for sexing Humboldt Penguin (Spheniscus humboldti) being with the same genus with Jackass penguins, found out that P2-P8 primer set worked well in PCR test alone and PCR-RFLP analysis.
We concluded that the results differ depending on the primer set used in all species belonging in the same genus. Testing of primer sets preceding to its usage is important. To the best of our information, this is the first work that presents a molecular approach in sex differentiation in Jackass penguin which is now classified as one of the endangered species of penguins.
The methodology of this study may be used as a reference or a complement to the studies on breeding, evolution, ecology, genetic and forensic sciences as well as preservation management programmes.
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